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Abstract The original and postnatal scale patterns of guard hairs were compared. The comparisons illustrate 
that acquired morphological changes take place in the scales on the coarse section of guard hairs. Scales on this 
part changes from regular smooth to irregular wave. The primary reason would be friction. Scales on the lower 
part of guard hairs are thick and strong to bear friction. Additionally, they are berried in the bottom layer of pelage 
where friction is avoided. Scales on the coarse section are thin, broad, dense and overlap, and exposed in the en¬ 
vironment as a cover of pelage. So friction always happen on them. Factors which enhance coefficient of friction 
and weaken keratin bonds are combined to damage hair scales. The results suggest that regular smooth and ir¬ 
regular wave are actually the same type exhibiting the same origin morphological characters, so they should be 
counted together in the species identification. 
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Introduction 

In the past 100 years, many studies indicated that 
morphological characters of mammalian hair scales 
can be an evidence to identify species 11 7 16 291 . Many 
types scale patterns have been definited, such as 
regular smooth, flattened, simple, dentate, serrate, 
crenate, elongate, acuminate, and ovate etc. 11, 2 5 331 . 
Some certain scale patterns appear on the hair shaft 
by a certain sequence to illustrate the very species. A 
parameter, the ratio of each scale pattern to the total 
hair length, was adopted in species identification by 
some scientists 121 . And, in forensic analysis, average 
distance between scale margins was used to identify 
individual. However, people found that it was too 
difficult to judge the critical lines between different 
scale patterns. On the tope part of hair shaft, the 
critical line varies so greatly that even data from hairs 
sampled from the same individual show a too large 
standard error to get a steady parameter. In the past 
few years, we have found that if we sum up the length 
of regular wave and smooth, we can get steady data, 
and there is a linear relationship between irregular 
wave and smooth. Our discovery illustrates that ir¬ 


regular wave and smooth might from a certain origi¬ 
nal pattern, and changes happen in the original pat¬ 
tern in the postnatal environment. For more evi¬ 
dences to our idea, we conducted a series of studies. 

Materials and Methods 

Sampling 

Both skin and hair samples are included in the mate¬ 
rials. In November, 1997, minks (Mustela visori) and 
Nutria (Myocaster coypus) were selected in Harbin 
Zoo and Hengdaohezi Wildlife Breeding Farm when 
summer coat have been shielded and winter coat was 
developing. On each skin samples, hairs being in 
different developing period can be found. 10 skin 
samples were cut on each body immediately after the 
animal was killed with motor waste gas. Skin samples 
were fixed in the glutaric dialdehyde immediately 
after being sampled. We also cut 20 skin samples 
from each individual when the pelts were dry. Guard 
hairs were sampled directly from the living animals 
and specimen in the Fur Specimen Museum of the 
Northeast Forestry University. During sampling, skin 
and hair were protected from being contaminated, 
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damaged and deformed. 

Optical microscopic and scanning electron mi¬ 
croscopic Preparations 117 27 311 

1. A few very short guard hairs were rubbed with 
coarse paper, damage degree being handled. The 
rubbing experiments were handled to be similar to the 
true environment facts as much as possible. 

2. All hair samples were degreased in 1:1 solution 
of 95% alcohol and ether for 10 min, and washed 2 
times in 100% alcohol for totally 5 min. Cleaned hairs 
were dried on clean filter paper. 

3. Skin samples were cut parallel to the follicles to 
make some longitude sections of guard hair follicles 
before they were dehydrated in alcohol of deferent 
consistency, orderly 30%, 50%, 70%, 80%, 90%, 
95%, 100%, 100% for 10 min in each consistency. 
Skin samples were dried in CO 2 critical point drier 
before they were ready for next step. 

4. Cleaned and dehydrated hair and skin samples 
were fixed on the objective tables of scanning elec¬ 
tron microscope (SEM) on which a thin gold mem¬ 
brane was sprayed in IB-5 ion sputter. 

5. Gold covered samples were observed and pic¬ 
tures were taken under HITACHI-520 SEM. 

6. Cleaned hair samples were put on a clean 1.5- 
2.0 mm thickness organic glass slide. On and be¬ 
neath the organic glass slide, 2 inorganic glass slides 
were fixed. 3 slides were trapped together tightly and 
put bake oven for 2 h with adjusted temperature of 


110-120°C. 

7. Took out the slides and removed the trappers 
inorganic glass slides and hair samples after they 
were cooled. Organic glass slides with hair scale 
impressions could be observed and measured under 
optical microscope. 

Results 

Along perfect and fully grown hair shafts, we found 
that scale patterns are organized from root to tip 
sequentially. They are regular smooth, wide valve, 
ovate, elongate, acuminate valve, ovate, regular 
smooth, irregular wave, serrate and crown. Regular 
wave always appears at the very root end and the 
upper part of hair shaft. Irregular wave is only seen at 
the upper part next to regular smooth. There are 
various types of transitional valves between two 
adjacent patterns. 

Short guard hairs sampled have not been fully 
grown. They are still in bottom layer of pelage. Due to 
their different developing stages, different part of the 
hair shaft can be found in the longitude sections of 
follicles. On the hairs whose coarse section have just 
grown out of the follicle, no irregular wave but regular 
smooth were found on the coarse section. On the 
hairs whose coarse section are still in the follicles, the 
same scale pattern was found. (See Fig.1). 



Fig. 1 Morphological characters of scale margins 

smooth on coarse section ot guard hairs (A) and follicular inner surface(B), 
but irregular on the coarse section of matured guard hairs 


In the longitude section of follicles, inner surface of 
inner root sheath shows no irregular scale margins. 
All morphological characters of follicular inner sur¬ 
face are corresponding to that of hair shafts. We can 
see regular smooth, elongate/acumunate valve, 


ovate valve, broad valve, irregular 
smooth(Transitional type from valves to regular 
smooth), regular smooth and crown orderly on both 
hair shafts and all except irregular wave in follicular 
inner surface. (See Fig. 2). 
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Fig. 2 Follicular inner surface corresponding to hair scales in morphology 

A-B. acuminate valve; C. elongate valve; D. square valve; E. broad valve; F. transitiona type I; G. transitional type II; H. regular smooth 
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The scale margins are smooth on the hair head is rubbed. The heavier it is rubbed, the more irregular 

part of short guard hairs. It becomes irregular after it it will be. (See Fig. 3). 



Fig. 3. Morphological changes when regular smooth is rubbed 

A. regular smooth; B. slightly rubbed; C. heavily rubbed; D. slightly rgbbed in nature; 
E. heavier rubbing in nature; F. all scales rubbed off in nature 


Discussion 

It can be supposed to be true that morphological 
character of hair scales can be changed postnatally. 
The follicular inner surface is corresponding to the 
scales on hair shaft. Irregular scale margin can nether 
be found on hair head sections of short guard hairs 
nor on the follicular inner surface, but on the coarse 
section of matured guard hairs. This result seems to 
illustrate that some postnatal factors do make the 
scales change their original morphological charac¬ 
ters. 

Based on the rubbing experiments, one of the 


postnatal factors are supposed to be environmental 
friction. Mammalian pelage consists of several layers, 
the over hair layer(may not exist in some species), 
guard hair layer and bottom layer. (See Fig. 4). The 
bottom layer is mainly made up of very weak and soft 
under hairs. Only elongate valve exists on the under 
hair shaft. Because of this type of scales and the 
weakness of under hair, the bottom layer is made 
very sticky. Shafts of guard hairs are strong enough 
to support the bottom layer to bear out pressure. At 
the same time, the bottom layer becomes steady. 
Very little relative movements of hair shafts happens 
in the layer. So it can be imagine that little move- 
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merits bring little friction although the scale pattern 
does have a high coefficient of friction. Naturally the 
structure of the bottom layer is protective to all kinds 
of scales. The guard hair layer consists of coarse 
section of guard hairs. This layer is the cover of the 
bottom layer and must be protective. The protective 
function is partly due to the coarse cortex, but mostly 
comes from the scales on the hair surface. As the 
cover of pelage, it must reduce friction when relative 
movement happens. Forces on the hair could be very 
strong. The most effective countermeasure should be 



Fig. 4. Typical structure of mammalian pelage 
reducing the coefficient of friction. Regular smooth 


type is characterized thin, wide, dense and overlap, 
so that the surface of hair can be very smooth. Mac- 
roscopically, we can see the guard hairs are shinning 
under the sun. This is because of the dense scale 
margins are close enough to enhance the reflection 
of light. This structure of hair surface is very effective 
to reduce the coefficient of friction. However, scales 
are too thin to bear a very weak friction, so damage 
often happens. 

Scale cells do not consist of typical a-keratin, in¬ 
stead, the cell matrix is full of Gly and Cys [9 ' 121 . Kera¬ 
tin molecules are bonded with disulfates. The me¬ 
chanical character of matrix is isotropic. When fric¬ 
tion happens, The cell will be broken in any direction 
rather than be tore open in longitude direction. When 
the animal is moving, guard hairs are flex enough to 
change their direction and position to reduce the 
friction. (See Fig. 5). In this case, the direction of 
friction always parallel to the axial direction of hair. 
The friction is reduced as much as possible, so does 
the damages. On the hairs we rubbed by hand show 
larger debris because of the different rubbing direc¬ 
tion and the larger friction. The debris are dropped off 
from the scales in various shapes. In the natural 
environment, the friction are smaller, and the debris 
removed from the scales seem to be smaller. That is 
why the margins of irregular wave scales on matured 
guard hairs exhibit tiny dentate. 



Scale debris rubbed off 



Fig. 5. Countermeasures of guard hair reducing friction 


It was reported that many factors affect the friction 
and scale damage. pH is regarded the first important 
factor. pH may change the bonds in keratin mole¬ 
cules of hair scales. Too high and too low pH weak¬ 
ens the bonds stability, and the keratin becomes so 
easy to be damaged 1121 . High humidity provides more 


chances that hydra molecules are bonded to keratin 
molecules, so bond energy holding the secondary 
structure of keratin polypeptides would be weakened. 
When too much H and O in keratin amino acids are 
bonded to hydra molecules, the polypeptide chains 
becomes very weak. A small friction may break 
them[31]. Ultra violet radiation is harmful for scales. It 
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was reported that mink guard hairs are damaged 
seriously by UV in Qinghai High Plateau. The shape 
of scales changed greatly by UV 1151 . 

Generally, postnatal factors can change the origi¬ 
nal features of hair scales. The thin dense and over¬ 
lap smooth and irregular wave patterns are very 
easily damaged by friction. Smooth and irregular 
wave are protective because of the special structure 
and the function reducing the friction. Other types of 
scales(valves) are too thick and strong to be dam¬ 
aged by friction, so the only acquired change hap¬ 
pens on coarse section of guard hairs where smooth 
scales are. Since regular smooth and irregular wave 
have the same origin, they should be counted to¬ 
gether as a same scale type in species identification. 
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